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INTRODUCTION 
The purpose of this work is to investigate, by means of cool-
ing curves. the equilibrium diagrams for the benzene-anisole and 
benzene-benzyl alcohol systems, and to improve, wherever possi-
ble, on the technique previously employed. Soma recommendations 
regarding technique for further work on similar systems will be 
made later. 
Other systems of benzene-monosubstituted benzenes are cur-
rently being investigated at Loyola University by Mr. Thomas P. 
Moran, Mr. John P. Mullen and Mr. John c. Tomuns.k, under the 
direction of Dr. Joseph D. Parent. The study of two systems has 
rae:antly bean completed at Loyola by Brother Norbert A. Kramer, 
s. M., who was sue:cessful in obtaining equilibrium diagrams for 
the banzena-bromobenzene and benzene-iodo'benzena systems. 
In this paper, the benzene-anisole system will be treated 
first, to be followed by benzene-benzyl alcohol. 
1 
DESCRIPTION OF APPARATUS 
H 
bare 
constantan -------;;>~ 
wire #28 
p 
insulated copper 
wire #30 
~ insulated copper 
wire #30 
H - Constant temperature hot junction for thermocouple. 500 ml 
round bottom flask fitted with 2-hole cork to accommodate 
thermometer and condenser set for refluxing. Flask contains 
carbon tetrachloride {used for benzene-anisole system) or 
water (used for benzene-benzyl alcohol system}, and is heat-
ed by Bunsen burner. The copper and constantan wires are 
joined with silver solder, and the end placed through the 
hole in the cork with the thermometer and at the level of 
the thermometer bulb. 
P -Brown electric pyrometer with arbitrary soale ranging from 0 
to 100. The copper wires are fastened to the pyrometer 
terminals, and the connections made permanent. When both 
junctions of the thermooouple are at the same temperature, 
the indioator hand of the pyrometer is set at 0 by means of 
an adjustment on top of the instrument. The pyrometer must 
then be calibrated, and must be tapped gently while in use 
to overcome inertia of the indicator. 
~ 
r 3 
C - Cold junction of thermocouple. The wires are joined with 
silver solder, and the end inserted through a glass tube 
fitted with a notched cork. A spiral shaped wire stirrer 
is slipped around the glass tube near the lower end, and its 
wire handle is fitted into the notch in the cork. The as-
sembly is inserted into a test tube of sample to be cooled. 
The sample test tube, in turn, is placed inside of a slight-
ly larger test tube lined with paper for insulation. ~he 
larger test tube is immersed in a beaker of acetone and dry 
ice. The beaker is one of a nest of three, separated from 
one another by layers of cotton batting for insulation. The 
sample must be stirred well while being cooled. 
Additional apparatus not shown in the diagram includes: 
Refractometer of the Abb~ type, fad by constant temperature 
water bath thermostatically maintained at 25 degrees c., 
plus or minus .1 degree. 
Analytical balance and weights. 
Dewar flask for preserving dry ice. 
Distillation apparatus used for purifying chemicals. 
Stop watch. 
Weighing bottle. 
Corks, tin-foil, test tube racks, glass tubing, rubber tub-
ing, beakers, towels, labels, Bunsen burners, eta. 
PROCEDURE 
The procedure is outlined in the following steps: 
1. All the chemicals used ware carefully purified by repeat-
ad fractional distillations until there was no perceptible var-
iation in the thermometer reading which could be determined to 
within .1 degree. 
2. Tan carefully weighed samples of the benzene-anisole sys-
tem ware prepared to range with approximate uniformity from 0% 
to 100%. The refractive index of each sample was determined at 
25 degrees C. immediately after weighing. From these data the 
refractive index versus percentage composition curve was con-
structed. 
3. The apparatus described in the diagram was set up. Boil-
ing carbon tetrachloride wa.s used to furnish the constant temp-
erature for the hot junction of the thermocouple. 
4. The pyrometer was calibrated. using pure liquids of known 
reazing points. Benzene, water, benzyl alaohol. carbon tetra-
hlorida and anisole ware the chemicals used. Coaling curves 
or each of these substances were obtained. The liquid was 
carefully stirred in each ease, and the pyrometer was gently 
tapped to prevent the indicator from sticking, while readings 
ere taken at 16 second intervals. A stop-watch was employed. 
y plotting degrees c. against pyrometer reading corresponding 
to the freezing point (horizontal section) in each cooling curve, 
a calibration curve for the pyrometer was determined. 
4 
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5. !Wenty samples of the benzene-anisole system were pipet-
ted into numbered test tubes. These samples ranged from o% to 
10o% in composition. and the refractive index at 25 degrees for 
each was determined just before cooling the sample in the manner 
described in step 4. The pyrometer reading corresponding to the 
freezing point in each cooling curve was translated into degrees 
c. with the aid of the calibration curve of step 4. The re-
fractive index of each sample was converted into percentage 
composition by means of the curve of step 2. By plotting temp-
erature in degrees c. against percentage composition, the equi-
librium diagram for the system was obtained. It might be well 
to mention that a few of the samples were frozen solid, and 
their cooling curves drawn, in order to better locate the eutec-
tic level. The equilibrium diagram, thus drawn, revealed the 
approximate eutectic point for the system. In order to locate 
this point more exactly, three more samples were prepared to 
approximate the indicated eutectic mixture in composition, their 
refractive indices were taken, and their cooling curves drawn. 
For the benzene-benzyl alcohol system the whole procedure was 
repeated. However, water was substituted for carbon tetra-
chloride to furnish the constant temperatura for the hot point 
of the thermocouple, simply for convenience. 
THE 
BENZENE-ANISOLE 
SYSTEM: 
6 
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DATA ON THE REFRACTOMETER FOR T:IDJ BENZENE-ANISOLE SYSTEM 
Weights and refractive indices at 25 degrees c. for determin-
ing the refractive index -percentage composition eurve for the 
benzene-anisole system are listed below. 
Weight of Weight o:f Percent Refraetive 
Benzene Anisole of Index at 
in grams in grams Anisole 25 degrees c. 
o.oooo o.oo 1.4982 
4.6422 0.5188 10.05 1.4998 
1.7879 0.5782 24.44 1.5022 
1.41!3~ 0.6796 28.94 1.5030 
1.5604 1.1073 41.51 1.5050 
0.9032 1.0141 52.89 1.5067 
0.8636 1.5585 64.35 1.5090 
0.5689 1.9610 77.51 1.5110 
0.5059 4.4575 89.81 1.5129 
o.oooo 100.00 1.5146 
DATA ON THE CALIBRATION OF THE PYROMETER FOR THE 
BENZENE-ANISOLE SYS~EM 
8 
The pyrometer indicator was adjusted to read 0, on an arbi-
trary scale, when both junctions of the thermocouple were at the 
same temperatura. Then the hot junction was placed in carbon 
tetrachloride boiling at 75.9 degrees C., while the cold junc-
tion was immersed in the cooling sample. The pyrometer read-
ings, taken at 15 second intervals, are listed below. Pure 
liquids were used, and their freezing points in degrees c. are 
given beneath the tables. 
Benzyl Carbon 
Benzene Water A1oohol Tetrachloride Anisole 
32.0 39.0 47.5 47.0 55.0 74.5 
33.0 41.0 62.6 62.0 58.0 76.5 
34.6 43.5 56.0 57.0 60.0 76.0 
37.0 45.0 57.6 60.0 62.0 77.0 
39.8 46.0 57.5 62.0 64.0 77.5 
41.0 47.0 57.5 62.4 66.0 78.0 
42.6 47.0 57.6 62.4 68.0 73.0 
44.0 47.0 62.4 69.5 71.5 
44.0 47.0 62.4 71.0 71.4 
44.0 72.0 71.4 
44.0 73.0 71.4 
74.0 71.4 
6.6 o.o -16.3 -23.0 -37.8 
DATA ON COOLING CURVES FOR THE BENZENE-ANISOLE SYSTEM 
Test Tube Number 1h #2 #3 #4 
Refractive Index 1.4982 1.4994 1.5000 1.5010 
Percent Anisole o.o 7.4 11.0 17.3 
32.0 34.0 35.0 37.5 
33.0 36.0 37.0 40.3 
34.5 37.5 39.0 43.0 
37.0 39.0 41.0 45.6 
39.8 40.6 42.5 47.0 
41.0 41.5 44.0 49.1 
Pyrometer 42.5 42.5 46.0 60.7 
Readings 44.0 43.5 46.9 61.8 
taken 44.0 44.3 46.8 52.0 
at 44.0 45.1 47.6 52.0 
15 44.0 45.7 48.0 52.0 
second 44.0 46.2 48.0 52.7 
intervals 44.0 46.7 48.0 53.5 
44.0 47.1 48.0 54.3 
44.2 47.3 48.5 
44.6 47.3 48.9 
47.3 49.3 
47.3 49.7 
47.8 
Pyrometer Reading 
at Freezins Point 44.0 47.3 48.0 52.0 
Freezing Point 
in degrees c. 5.5 o.o -0.9 -7.3 
!lQ 
Test Tube Number #5 #.6 #7 #8 
Refractive Index 1.5018 1.50B6 1.5033 1.5045 
Percent Anisole 22.2 27.0 31.2 38.5 
46.0 47.2 45.0 48.3 
48.0 49.0 47.5 51.0 
50.5 50.7 49.8 52.4 
51.8 51.3 51.9 53.5 
52.9 52.5 53.6 54.5 
53.6 53.5 54.9 56.3 
Pyrometer 64.3 54.2 56.2 66.2 
Readings 54.3 55.0 57.3 57.0 
taken '54.3 55.5 58.2 57.6 
'' 
at 54.7 56'.0 58.8 68.1 
15 55.0 56.3 58.8 58.7 
second 55.4 56.3 59.3 59.2 
intervals 56.3 59.9 60.0 
56.7 60.4 60.5 
56.9 61.0 
57.2 61.4 
61.8 
62.0 
62.0 
62.2 
Pyrometer Reading 
at Freezing Point 54.3 66.3 58.8 62.0 
Freezing Point 
in deS!:ees c. -11.0 -14.0 -18.0 -23.3 
'---
r 11 
Test Tube Number #9 #10 #11 #12 
Refractive Index 1.5050 1.5058 1.5071 1.5079 
Percent Anisole 41.6 46.5 54.5 58.7 
56.0 56.3 57.0 57.8 
57.0 58.0 60.3 61.0 
58.0 59.5 62.0 63.5 
59.0 60.6 64.0 65.5 
Pyrometer 60.0 62.0 6.6.0 67.5 
Readings 61.0 63.0 67.8 69.0 
taken 6.1.8 64.0 69.3 70.5 
at 62.5 65.0 70.5 71.4 
15 62.8 65.8 71.8 72.3 
second 62.8 66.5 71.8 73.0 
intervals 62.8 6.7.0 72.0 73.3 
63.3 67.3 72.8 73.6 
6.3.7 67.3 73.3 73.9 
67.3 73.9 
67.7 73.9 
6.8.0 74.2 
Pyrometer Reading 
at Freezing Point 62.8 67.3 71.8 73.9 
Freezing Point 
in degrees C. -24.7 -31.5 -38.8 -42.2 
·-
12 
Test Tube Number #13 #14 #15 #16 
Refractive Index 1.5090 1.5098 1.5102 1.5105 
Percent Anisole 65.8 70.8 73.4 75.0 
65.0 68.0 63.0 68.3 
67.0 72.1 67.0 72.0 
68.8 75.0 71.0 75.0 
70.5 77.5 74.5 77.6 
72.0 79.5 77.8 79.1 
Pyrometer 73.4 81.0 80.1 81.0 
Readings 74.6 82.5 82.6 82.4 
taken 75.6 83.6 84.5 83.4 
at 76.5 84.5 85.6 84.0 
15 77.3 85.5 85.8 83.1 
second 78.1 86.0 86.5 82.4 
intervals 78.9 86.8 87.3 82.4 
79.5 86.0 88.0 82.8 
80.0 86.6 83.5 
80.3 87.2 84.1 
80.3 87.7 
80.6 
81.0 
Pyrometer Reading 
at Freezing Point 80.3 86.0 85.6 82.4 
Freezing Point 
in degrees C. -52.5 -61.5 -61.0 -56.0 
13 
Test Tube Number #17 118 f/:19 #20 
Refractive Index 1.5108 1.5115 1.6118 1.5127 
Percent Anisole 76.8 81.3 82.9 88.4 
66.0 64.0 66.0 67.0 
68.0 67.0 67.0 68.0 
69.8 69.0 69.0 69.0 
71.0 70.3 70.5 69.8 
Pyrometer 72.6 71.5 71.6 70.6 
Readings 74.0 72.5 72.5 71.3 
taken 75.1 73.5 '73.5 72.0 
at '76.0 74.5 74.5 72.8 
15 77.0 '75.5 '16.5 73.6 
second 78.0 76.6 76.0 73.6 
intervals 78.8 77.3 76.1 74.0 
'79.8 77.6 77.4 74.5 
80.8 78.3 78.2 75.0 
81.0 79.0 78.9 75.4 
82.2 79.5 
82.8 
Pyrometer Reading 
at Freezin~ Point so.8 77.3- 76.0 73.5 
Freezing Point 
in degrees c. -63.6 -47.4 -46.4 -41.5 
-
14 
Test Tube Number #21 #22 #23 
Refractive Index 1.5131 1.6135 1.6146 
Percent Anisole 90.8 93.3 100.0 
56.6 62.0 68.0 
59.7 64.0 69.5 
62.3 66.6 71.0 
64.5 67.0 72.0 
67.0' 68.8 73.0 
Pyrometer 69.0 69.2 74.0 
Readings 70.6 70.0 74.6 
taken 72.0 70.7 76.6 
at 72.3 71.3 76.0 
16 73.3 71.8 77.0 
second 74.4 71.9 77.6 
intervals 75.5 72.4 78.0 
72.9 73.0 
73.4 71.6 
71.4 
71.4 
71.4 
71.4 
Pyrometer Reading 
at Freezin~ Point 72.3 71.8 71.4 
Freezing Point 
in de!!:ees c. -39.6 -39.0 -37.8 
15 
Test Tube #7 cooled down to eutectic: 
45.0 64.0 74.2 84.1 93.8 
47.5 64.6 74.7 84.6 89.5 
49.8 65.0 75.2 85.1 88.7 
51.9 65.4 75.6 85.6 88.0 
53.5 66.0 76.1 86.1 88.0 
54.9 66.5 76.5 86.6 88.0 
56.2 67.0 77.0 87.0 88.0 
Pyrometer 57.3 67.5 77.5 87.5 88.0 
Readings 58.2 68.0 78.0 88.0 88.0 
taken 58.8 68.4 78.5 88.5 88.0 
at 58.8 69.0 79.0 89.0 88.0 
15 59.3 69.3 79.6 89.4 88.0 
second 59.9 69.8 80.1 89.9 88.2 
intervals 60.4 70.3 80.6 90.3 88.4 
60.9 70.9 81.0 90.8 88.5 
61.3 71.5 81.4 91.3 88.6 
61.8 72.0 82.0 91.7 
62.4 72.5 82.5 92.2 
63.0 73.0 83.0 92.7 
63.5 73.6 83.6 93.2 
Pyrometer Reading at eutectic is 88.0 
16 
Test Tube f/:12 cooled down to eutec:tic: 
67.8 76.6 85.0 90.1 
61.0 77.1 85.5 88.7 
63.6 77.5 86.0 88.3 
65.5 78.0 86.5 88.3 
67.5 78.4 87.0 88.3 
69.0 78.8 87.4 88.3 
Pyrometer 70.5 79.3 87.9 88.3 
Readings 71.4 79.8 88.4 88,3 
taken 72.3 80.3 88.9 88.3 
at 73.0 80.7 89.3 88.3 
15 73.6 81.2 89.8 88.3 
second 73.9 81.6 90.2 88.3 
intervals 73.9 82.0 90.7 88.3 
73.9 82.4 91.1 88.8 
74.2 82.8 91.5 89.2 
74.7 83.3 91.9 89.6 
76.2 83.8 92.4 90.0 
75.7 84.2 92.9 
76.1 84.6 93.4 
Pyrometer Reading at eutectic: is 88.3 
17 
Test Tube #15 aoo1ed down to euteatia: 
63.0 90.4 89.4 
67.0 90.8 87.2 
71.0 91.2 86.2 
74.6 91.6 86.2 
77.6 91.8 86.2 
Pyrometer 80.1 92.1 86.2 
Readings 82.6 92.4 86.2 
taken 84.6 92.7 86.2 
at 86.6 93.0 86.2 
16 86.8 93.3 86.2 
seaond 86.6 93.6 86.2 
intervals 87.3 93.9 86.6 
88.0 94.1 86.9 
88.5 94.4 87.3 
89.0 94.8 87.6 
89.5 96.2 88.0 
90.0 93.1 
Pyrometer Reading at euteatia is 86.2 
18 
Test Tube 1/=21 cooled down to eutectic: 
56.5 81.1 90.9 95.5 86.3 
59.7 81.9 91.3 95.6 86.3 
62.3 82.7 91.6 95.7 86.3 
64.5 83.5 91.9 95.8 86.3 
67.0 84.2 92.2 95.9 86.3 
Pyrometer 69.0 84.9 9&.5 96.0 86.3 
Readings 70.5 85.5 92.8 96.1 86.4 
taken 72.0 86.1 93.1 96.2 86.5 
at 72.3 86.7 93.4 96.3 86.6 
15 73.3 87.2 93.7 96.4 86.7 
second 74.4 87.7 94.0 96.5 86.8 
intervals 75.5 88.2 94.3 89.0 86.9 
76.5 88.7 94.5 88.5 87.0 
77.4 89.2 94.7 87.4 
78.3 89.7 94.9 86.7 
79.3 90.1 95.1 86.3 
80.2 90.6 95.3 86.3 
Pyrometer Reading at eutectic is 86.3 
Average pyrometer reading at eutectic for test tubes #7, #12, 
#16 and #21 is 87.2, which is equivalent to -63.5 degrees c. 
L_·-------------------------------------------------------~ 
SUMMARY OJ!' IMPORTANT DATA ON THE BENZENE-ANISOLE SYSTEM 19 
Test T'ube Refractive Pereent Pyrometer Freezing 
Number Index Anisole at l!'. P. Point 
1 1.4982 o.o 44.0 5.6 
2 1.4994 7.4 47.3 o .. o 
1:7: 1.5000 11.0 48.0 -0.9 ..., 
4 1.5010 17.Z 52.0 -7.3 
5 1.5018 22.2 54.3 -11.0 
6 1.5026 27.0 56.3 -14.0 
7 1.5033 31.2 58.8 -18.0 
8 1.5045 38.5 62.0 -23.3 
9 1.5050 41.5 62.8 -24.7 
10 1.5058 46.5 67.3 -31.5 
11 1.5071 54.5 71.8 -38.8 
12 1.5079 58.7 73.9 -42.2 
13 1.5090 65.8 80.3 -52.5 
14 1.5098 70.8 86.0 -61.5 
15 1.5102 73.4 85.6 -61.0 
16 1.5105 75.0 82.4 -56.0 
17 1.5108 76.8 80.8 -53.5 
18 1.5115 81.3 77.3 -41.4 
19 1.5118 82.9 76.0 -45.4 
20 1.5127 88.4 73.5 -41.5 
21 1.5131 90.8 72.3 -39.5 
22 1.5135 93.3 71.8 -39.0 
23 1.5146 100.0 71.4 -37.8 
Eutectie mixture 72.0 87.2 -63.5 
'--
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REFRACTIVE INDEX versus PERCENTAGE COMPOSITION 
BENZENE-ANISOLE SYSTEM 
20 30 40 50 60 70 80 
Peraant Composition by Weight of Anisole in Benzene 
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COOLING CURVES USED IN CALIBRATING m PYROMETER 
FOR THE BEN~:DE-ANISOLE SYS!EM 
Water 
f.p. o.o 
degrees C. 
~-0 
Benayl 
Alcohol 
f.p. -15.3 
degrees c. 
<!arbon 
!retra-
chloride 
f.p. -23.0 
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Anisole 
f.p. -37.8 
degrees c. 
Time (two of the smallest divisions r$present 15 seconds) 
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30 
PYROMETER CALIBRATION 
BENZENE-ANISOLE SYSTEM 
40 50 60 70 80 
Pyrometer Reading (on arbitrary saale} 
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COOLING CURVES !Q!! THE BENZENE-ANISOLE SYSTEM 
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DATA ON THE RE!'RACTOMETER FOR THE BENZENE-BENZYL ALCOHOL SYSTEM 
Weights and refractive indices at 25 degrees c. for determin-
ing the refractive index- percentage composition curve for the 
benzene-benzyl alcohol system are listed below. 
Weight of 
Benzene 
in grams 
4.0517 
1.7593 
1.3752 
0.9362 
0.9008 
0.5710 
0.5631 
o.oooo 
Weight of 
Benzyl Alcohol 
in grams 
o.oooo 
0.5986 
0.5720 
1.0190 
1.0325 
1.5389 
2.0767 
4.4372 
Percent of Refractive 
Benzyl Index at 25 
Alcohol degrees c. 
o.oo 1.4982 
12.87 1.5030 
24.54 1.5078 
43.55 1.5157 
52.45 1.5194 
&3.08 1.5238 
78.44 1.5300 
88.39 1.5342 
100.00 1.5368 
L ______________________ ~ 
DATA ON THE CALIBRATION OF THE PYR01~ER FOR THE 
BENZENE-BENZYL ALCOHOL SYSTEM 
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The pyrometer indicator was adjusted to read o. on an arbi-
trary scale. when both junctions o:f the thermocouple were at the 
same temperature. Then the hot junction was placed in boiling 
water at 98.8 degrees c •• while the cold junction was immersed 
in the cooling sample. The pyrometer reading at the freezing 
point of the pure liquid, and the freezing point in degrees c. 
are listed below for each sample. 
Substance 
Benzene 
Water 
Benzyl Alcohol 
Carbon Tetrachloride 
Anisole 
Pyrometer Reading 
at Freezin6_ Point 
66.3 
69.6 
79.4 
84.0 
92.6 
Freezing Point 
in de~ees c. 
6.6 
o.o 
-16.3 
-23.0 
-37.8 
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DATA ON COOLIJfG CURVES FOR THE BENZENE-BENZYL ALCOHOL SYSTEM 
Test Tube Number #1 #2 #3 14 
Refractive Index 1.4988 1.5000 1.5020 1.5049 
% Benzyl Alcohol o.o 5.0 9.9 16.8 
58.0 59.0 58.0 57.0 
60.0 60.2 62.0 59.0 
61.5 61.1 65.0 61.0 
63.0 62.0 67.5 62.5 
Pyrometer 64.2 62.6 67.6 64.0 
Readings 65.3 63.3 67.6 65.2 
taken 66.3 64.0 68.9 66.5 
at 66.3 64.8 69.9 67.8 
15 66.3 65.2 70.9 67.8 
second 66.3 65.8 71.9 67.8 
intervals 66.3 66.1 72.8 68.3 
66.8 66.5 73.8 68.8 
67.3 66.5 74.7 69.3 
67.6 66.5 75.7 69.8 
68.3 66.9 
67.3 
Pyrometer Reading 
at Freezin~ Point 66.3 66.5 67.5 67.8 
Freezing Point 
in degrees c • 5.5 5.3 3.7 3.3 
..___ ____________________________ .,.. 
r· 
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Test Tube Number f6 #& #7 #8 
Refractive Index 1.6070 1.6100 1.6129 1.6154 
% Benzyl Alcohol 22.2 29.5 36.5 42.5 
58.0 59.0 59.5 &0.0 
60.0 62.0 61.0 63.0 
62.0 64.0 62.1 66.0 
64.0 66.0 63.1 66.5 
66.0 68.0 64.2 68.0 
Pyrometer 68.0 69.5 65.3 69.5 
Readings &9.0 70.3 66.4 71.0 
taken 69.0 70.3 67.3 72.0 
at 69.3 70.3 68.2 72.0 
15 69.7 71.0 69.0 73.0 
second 70.1 72.0 70.0 73.9 
intervals 70.5 73.0 70.4 74.8 
70.9 73.9 71.0 75.8 
71.3 74.8 70.5 76.7 
70.5 
70.9 
71.3 
Pyrometer Reading 
at Freezing Point 69.0 70.3 70.6 72.0 
Freezing Point 
in de~rees c. 1.2 -0.9 -1.3 -3.7 
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Test Tube Number #9 #10 111 #12 
Refractive Index 1.5189 1.5205 1.5235 1.5249 
~Benzyl Alcohol 51.3 55.0 62.4 65.9 
64.0 67.0 72.0 69.0 
65.0 68.5 73.0 71.0 
66.0 69.7 73.8 72.6 
67.6 71.0 74.5 74.0 
68.8 72.0 76.2 76.0 
Pyrometer 69.8 73.0 76.0 76.0 
Readings 70.6 74.7 77.0 76.8 
taken 71.3 76.6 77.9 77.5 
at 72.1 76.0 77.7 76.2 
15 72.8 75.6 77.9 78.7 
second 73.2 75.6 78.6 79.2 
intervals 73.6 76.4 79.0 79.7 
74.4 77.0 80.6 80.1 
74.2 77.5 81.8 79.9 
74.0 78.0 83.2 80.2 
74.0 84.7 80.5 
74.3 
74.6 
Pyrometer Reading 
at Freezing Point 74.0 76.5 77.7 79.9 
Freezing Point 
in de~ree s C • -7.0 -9.6 -13.0 -16.7 
40 
Test Tube Number /13 #14 #15 #16 
Refractive Index 1.5268 1.5275 1.5300 1.6305 
% Benzyl Alcohol 70.2 72.3 78.4 79.6 
72.0 72.8 83.7 78.5 
74.0 75.6 84.1 80.5 
76.0 78.0 84.6 82.2 
77.5 80.2 84.8 83.7 
79.0 82.0 85.1 85.0 
Pyrometer 80.0 83.6 85.5 86.0 
Readings 81.0 85.0 86.0 87.0 
taken 82.0 84.6 86.3 87.7 
at 82.6 84.6 86.6 88.4 
15 83.0 85.3 86.8 89.0 
second 83.3 86.0 87.0 89.5 
intervals 83.7 86.5 87.4 90.0 
84.0 87.0 87.5 90.4 
82.1 87.6 87.4 90.7 
82.1 88.0 87.6 89.2 
82.4 87.8 89.2 
82.7 88.0 89.6 
83.0 88.8 90.0 
Pyrometer Reading 
at Freezing Point 82.1 84.6 87.4 89.2 
heezing Point 
in desrees c. -20.3 -24.3 -28.9 -31.8 
~at Tube Number 41 #17 #18 #19 /1:20 
Refractive Index 1.5312 1.5320 1.5323 1.5333 
% Benzyl Alcohol 81.3 83.3 84.1 86.5 
77.0 84.8 79.0 78.8 
79.0 86.0 81.2 81.5 
81.0 87.0 83.2 84.0 
82.5 87.8 85.0 86.0 
84.0 88.5 86.5 87.8 
85.0 89.1 87.7 89.2 
Pyrometer 85.8 89.7 88.7 90.2 
Readings 86.7 90.1 89.5 91.0 
taken 87.3 90.5 90.1 91.6 
at 87.8 90.8 90.6 92.1 
15 88.3 91.1 91.0 92.7 
second 88.8 91.4 91.3 93.2 
intervals 89.2 91.7 91.7 93.6 
89.6 92.0 92.0 90.8 
89.8 92.2 89.2 87.9 
90.2 90.9 89.6 88.2 
89.5 91.1 90.0 88.6 
89.7 91.4 90.3 89.0 
90.0 91.5 
r,yrometer Reading 
~t Freezing Point 89.5 90.9 89.2 87.9 
!rreezing Point 
~n degrees C. -32.5 -34.7 -31.8 -29.8 
.-----
/ 
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~est Tube Number #21 #22 /23 
Refractive Index 1.5342 1.5358 1.5388 
~ Benzyl Alaohol 88.4 92.6 100.0 
77.0 72.0 71.0 
80.0 75.0 73.0 
83.0 78.0 75.0 
85.4 80.5 76.5 
Pyrometer 87.5 83.0 78.0 
Readings 89.4 85.0 79.0 
taken 90.9 87.0 79.4 
at 91.5 86.5 79.4 
15 68.5 69.5 79.4 
second 85.3 85.9 79.4 
intervals 85.3 62.2 79.4 
86.0 82.2 80.0 
86.7 83.0 80.6 
87.5 84.0 81.1 
88.2 84.6 81.6 
89.0 85.6 82.0 
Pyrometer Reading 
at Freezing Point 85.3 82.2 79.4 
:Freezing Point 
-15.3 in degrees c. -25.6 -20.4 
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Teat Tube #6 cooled down to euteatie: 
69.0 80.6 88.0 91.8 
62.0 81.2 88.2 91.9 
64.0 81.7 88.4 92.0 
66.0 82.2 88.6 92.1 
68.0 82.7 88.8 92.2 
69.6 83.1 89.0 92.3 
70.3 83.6 89.2 91.1 
Pyrometer 70.3 83.9 89.4 91.1 
Readings 70.3 84.2 89.6 91.1 
taken 71.0 84.6 89.8 91.3 
at 72.0 84.8 90.0 91.6 
16 73.0 86.1 90.2 91.7 
seaond 73.9 86.4 90.4 91.9 
intervals 74.8 86.7 90.6 92.1 
76.6 86.0 90.8 92.3 
76.4 86.3 91.0 92.6 
77.2 86.6 91.2 92.7 
78.0 86.9 91.4 92.9 
78.7 87.2 91.6 
79.4 87.5 91.6 
8o.o 87.8 91.7 
Pyrometer Reading at eutectic is 91.1 
44 
Test Tube #11 cooled down to eutectic: 
60.0 78.5 95.0 
62.0 79.0 95.6 
64.0 80.6 96.2. 
66.0 81.8 96.8 
67.5 83.2 97.2. 
Pyrometer 69.0 84.7 97.5 
Readings 70.5 86.1 97.9 
taken 72.0 87.2 98.2. 
at 73.0 88.2 93.5 
16 73.8 89.4 91.0 
second 74.5 90.4 91.0 
intervals 76.2. 91.2 91.0 
76.0 92.0 91.3 
77.0 92.6 91.5 
77.9 93.2 91.7 
77.7 93.8 91.9 
77.9 94.4 92.2 
Pyrometer Reading at eutectic is 91.0 
46 
Test Tube #16 cooled down to eutectic: 
72.6 83.7 89.2 94.7 
73.2 84.1 89.9 94.9 
74.0 84.6 90.3 96.1 
75.0 84.8 90.7 96.3 
75.8 85.1 91.0 96.5 
76.4 85.6 91.4 95.7 
Pyrometer 77.0 86.0 91.8 96.0 
Readings 77.8 86.3 92.1 96.1 
taken 78.5 86.6 92.4 93.6 
at 79.2 86.8 92.8 91.0 
15 79.9 87.0 93.0 91.0 
seeond 80.4 87.4 93.2 91.0 
intervals 81.0 87.5 93.4 91.3 
81.6 87.4 93.6 91.5 
82.0 87.6 93.8 91.7 
82.3 87.8 94.0 91.9 
83.0 88.0 94.2 92.1 
83.3 88.8 94.6 92.3 
Pyrometer Reading at euteetie is 91.0 
46 
Test Tube #20 cooled down to eutectic: 
72.6 88.6 93.2 96.4 98.2 
76.8 89.0 93.4 96.6 98.3 
78.8 89.4 93.6 96.6 98.4 
81.'5 89.8 93.8 96.7 98.6 
84.0 90.1 94.0 96.8 98.6 
86.0 90.4 94.2 96.9 98.7 
Pyrometer 87.8 90.7 94.4 97.0 98.8 
Readings 89.2 91.0 94.6 97.1 94.8 
taken 90.2 91.3 94.8 97.2 91.3 
at 91.0 91.6 96.0 97.3 91.3 
16 91.6 91.7 95.2 97.4 91.3 
second 92.1 91.9 96.4 97.6 91.3 
intervals 92.7 92.0 95.6 97.6 91.4 
93.2 92.2 95.8 97.7 91.5 
93.6 92.4 96.0 97.8 91.6 
90.8 92.6 96.1 97.9 91.7 
87.9 92.8 96.2 98.0 91.8 
' 
88.2 93.0 96.3 98.1 91.9 
Pyrometer Reading at eutectic is 91.3 
Average pyrometer reading at eutectic for test tubes #6, #11, 
#15 and 120 is 91.1, which is equivalent to -35.0 degrees c. 
r-
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SUllllARY OJ!' IMPORTANT DATA ON BEN~-BENZYL ALCOHOL SYSTEM 
Test Tube Hefraative ~Benzyl Pyrometer J!'reezing 
Number Index Alcohol at F. P. Point 
1 1.4982 o.o 66.3 5.5 
2 1.5000 5.0 66.5 5.3 
3 1.5020 9.9 67.5 3.7 
4 1.5049 16.8 67.8 3.3 
5 1.5070 22.2 69.0 1.2 
6 1.5100 29.5 70.3 -0.9 
7 1.5129 36.5 70.5 -1.3 
6 1.5154 42.5 72.0 -3.7 
9 1.5169 51.3 74.0 -7 .o 
10 1.5205 55.0 75.5 -9.5 
11 1.6235 62.4 77.7 -13.0 
12 1.5249 65.9 79.9 -16.7 
13 1.6268 70.2 82.1 -20.3 
14 1.5275. 72.3 84.6 -24.3 
15 1.5300 76.4 67.4 -28.9 
16 1.5306 79.6 89.2 -31.8 
17 1.5312 81.3 89.5 -32.5 
18 1.5320 63.3 90.9 -34.7 
19 1.6323 84.1 69.2 -31.8 
20 1.5333 86.5 67.9 -29.6 
21 1.5342 68.4 85.3 -25.6 
22 1.5356 92.6 62.2 -20.4 
23 1.5366 100.0 79.4 -15.3 
Eutectic mixture 62.7 91.1 -36.0 
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PYROMETER CALIBRATION 
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COOLING CURVES FOR THE BENZENE-BENZYL ALCOHOL SYSTEM 
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DIScriTSSION OF DATA, AND CONCLUSIONS 
It was expected that the graph for the calibration of the 
pyrometer in each instance would be a straight line for the 
temperature range over which the work was done, but the linear 
results obtained in both systems when refractive index was 
plotted against percent composition can be considered a bit 
uncommon. 
The cooling curves indicate that supercooling was not in-
frequent, particularly as the solutions became mora concentrated 
in anisole or benzyl alcohol. Mixtures chosen at random within 
a system, and cooled down to the eutectic level, gave practi-
cally the same eutectic in every instance, but different degrees 
of supercooling. 
Section A of the e~uilibrium diagram represents the liquid 
phase. In this area the liquid solution is too warm to permit 
either component to freeze out. 
Section B represents solid benzene and a liquid solution of 
benzene and anisole, or benzene and henzyl alcohol, depending on 
the system. 
Section C represents solid anisole or solid benzyl alcohol 
and a liquid solution of benzene with anisole or benzyl alcohol. 
In this area it is the anisole or benzyl alcohol, and not the 
benzene, which freezes out first. 
Section D represents a solid mixture of the two components. 
6t. 
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The horizontal straight line is the eutectic level, which 
represents the temperature below which any mixture must be com-
pletely solidified, provided supercooling is avoided. 
The point at which the two branches of the curve and the hor-
i1:ontal line meet is the eutectic point. It gives the percent-
age composition of the eutectic mixture. In a mixture of this 
composition, both components would freeze out together, at a 
temperature indicated by the eutectic level. 
It is evident that the eutectic point cannot be predicted 
from a comparison of the freezing points of anisole and benzyl 
alcohol in the two systems. Since benzyl alcohol has a higher 
freezing point than anisole, the expectation is that the per-
centage of benzyl alcohol would be lower than that of anisole 
in the eutectic mixtures. Instead, it is considerably higher. 
The fact that the curve in each equilibrium diagram has only 
two branches indicates that there was no compound formation 
between the components of the .mixtures in either case. 
In the benzene-anisole system, the eutectic mixture was 
found to contain 72.0 percent anisole, and the eutectic temp-
erature was -63.6 degrees C. For the benzene-benzyl alcohol 
system, the eutectic mixture contained 82.7 percent benzyl 
alcohol, with a eutectic temperature of -36.0 degrees c. 
RECOllMENDATIONS FOR FURTHER WORK 
Following is a list of suggestions designed to facilitate 
further work of this kind: 
1. In construction of the refractive index-percentage comp-
osition curve, the refractive index should be taken immediately 
after weighing the sample, to prevent a change in composition 
due to evaporation. The sample can then be discarded. 
a. The pyrometer must be used in a warm room. In tempera-
tures ranging in the fifties, Fahrenheit, the pyrometer became 
very erratic, failing to give readings in even remote agreement 
when successive samples of pure benzene were cooled to the 
freezing point. 
3. The pyrometer must be tapped gently to overcome the in-
ertia of the indicator. At the same time, this constant tapping 
may be a source of error, disturbing the original adjustment of 
the indicator. Therefore, it is advisable to check the in-
strument frequently, and even to recalibrate it if necessary. 
4. The samples must be cooled slowly. It is therefore 
necessary to insulate the sample tube well, and to avoid an 
unnecessary excess of dry ice. If cooling is rapid, the cooling 
curves will not show an appreciable break. Furthermore, there 
will be a lack of thermal equilibrium between the material im-
mediately adjacent to the cold walls of the tube and that in the 
interior. A lag in cooling, on the other hand, consumes too 
64 
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much time. 
5. Stirring should be continuous and adequate to insure 
uniformity of temperature in the mixture being cooled. 
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